Manipulation of blood pressure (BP) in acute stroke may improve outcome. Despite various studies, data on the prognostic significance of early BP in stroke remain unclear. Therefore, we studied the relationship between various BP variables in the acute phase of stroke and functional outcome at 3 months. Blood pressures were collected by reviewing BP records of 817 patients who were admitted to our stroke unit between 1987 and 1992. Besides the first systolic and diastolic admission BP (SBP and DBP), we also used the mean of the daytime as well as the night-time systolic and diastolic BP values. Finally, we studied the relationship between the decrease in BP between day 0 and 4 and outcome. As dependent outcome variable we used the Rankin handicap score at 3 months dichotomized in a score Ͼ3 (poor outcome) vs a score р3 (good outcome). A total of 430 patients were admitted within 24 h following stroke
Introduction
A transient increase in arterial blood pressure (BP) frequently occurs in patients with acute stroke. [1] [2] [3] This could be a physiological response to maintain or enhance perfusion of reversibly damaged cerebrum, when normal autoregulatory mechanisms are impaired. 4 However, the general benefit of such a response could be questioned, as high BP in the early phase has been linked to poor outcome, particularly in patients with impaired consciousness. 5, 6 In a recent overview Bath 5 reported that some studies failed to establish a relationship between admission BP and outcome, 7, 8 although low systolic pressure may be associated with poor outcome. 2, 5 Most series so far included only single admission BP readings to study outcome. 6, [9] [10] [11] [12] More-over, BP was not always studied as an independent predictor. 10 A single admission BP value may not reflect the extent to which BP changes over time may influence outcome, especially since the ischaemic penumbra may be present for a prolonged period of time. Furthermore, variations in BP occur as a result of diurnal rhythm. Earlier studies reported that patients with a blunted fall in nocturnal BP are more likely to suffer hypertensive target-organ damage, which would mean that BP during sleep is more closely related to target-organ damage than BP in the awake state. [13] [14] [15] [16] [17] Therefore, in the present study, we analysed various BP characteristics (including daytime and night-time BP values) as independent predictors of outcome at 3 months in patients admitted to a stroke unit within 24 h following stroke onset. We also explored whether a drop in BP values during the first 4 days was related to outcome.
Patients and methods

Data collection
Blood pressure values were collected by reviewing BP records of patients registered in an ongoing stroke registry at the University Hospital of Maastricht. The University Hospital is the only hospital in the region of Maastricht and has an adherent population of approximately 190 000 people. The stroke registry contains data of patients who had been admitted to the neurological department or had visited the outpatient's clinic, with a first-ever clinical cerebral brain infarct with symptoms lasting longer than 24 h. Routine investigations included standard blood tests, electrocardiogram, chest X-ray, CT scan of the brain and noninvasive carotid artery studies. Echocardiography, 24-h ECG monitoring and cerebral angiography were done in selected cases.
In this study, 430 patients with a clinical first-ever infarct had been admitted within 24 h following stroke onset. Patients admitted to hospital stayed on the stroke unit until they were neurologically stable, after which they were transferred to the general neurological ward. Blood pressure was recorded manually by experienced nursing staff with a mercury sphygmomanometer (blood pressure values at 1st and 5th Korotkoff sounds taken as systolic and diastolic, respectively). For this study we only used those BP values that were obtained during the first 24 h after admission: for the daytime BP value we took the average of three BP values recorded at 10.00, 15.00 and 18.00 and for the night-time BP value we took the average of three BP values recorded at 24.00, 03.00 and 06.00. BP values registered between 06.00 and 09.00 and between 18.00 and 24.00 were not included in the analyses, because in these periods it is assumed that the BPswitch between the night-time and daytime period occurs. 18 We also analysed the first blood pressure taken after admission to the stroke unit.
Outcome measures
All patients were studied as part of a long term follow-up study of stroke. For the present study the score on the Rankin handicap-scale at 3 months was used as outcome variable. 19 The score was dichotomized into a score Ͼ3 (poor outcome) versus a score р3 (good outcome).
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Blood pressure variables
As it is unknown which BP variable is the best predictor of stroke outcome, we explored the following variables:
• first systolic BP (first SBP) and first diastolic BP (first DBP) measured after admission to the stroke unit; • daytime systolic BP (daytime SBP) and diastolic BP (daytime DBP), as defined above; • night-time systolic BP (night-time SBP) and diastolic BP (night-time DBP), as defined above.
Definitions and descriptions
Hypertension was defined as known hypertension (BP recordings of more than 160 mm Hg systolic and/or 90 mm Hg diastolic pressure on at least two different occasions) whether or not treated with antihypertensive medication before the stroke occurred. Diabetes mellitus (DM) was defined as known diabetes treated with diet or medication, or either a fasting blood glucose higher than 7 mmol/l or a postprandial blood glucose higher than 11 mmol/l measured on at least two separate occasions before the stroke.
Ischaemic heart disease (IHD) was defined as a history of angina pectoris, myocardial infarction or coronary bypass operation.
Brain infarct was defined as the rapid onset of clinical signs of focal cerebral function disturbance, lasting longer than 24 h or leading to death, with no apparent cause other than that of vascular origin with normal CT, or CT showing an area of low attenuation compatible with the clinical signs and symptoms, or autopsy revealing an infarct compatible with the clinical signs and symptoms. When CT scan had not been performed (21 of the 430 cases), we used the Guy's Hospital Stroke Diagnostic Score (Allen score): an Allen score less than 4 indicated a probability of 90% or more that the stroke was due to infarction. 21, 22 A lacunar infarct (LACI) was defined as an acute stroke syndrome with a CT lesion compatible with occlusion of a single perforating artery, ie, a small, subcortical, sharply marginated hypodense lesion with a diameter smaller than 15 mm (small deep infarct), or as a specific lacunar syndrome (ie, unilateral motor and/or sensory symptoms and signs that completely involved at least two of three body parts (face, arm, and leg) without disturbance of consciousness or language, visual field defect, or other signs of cortical dysfunction) when the CT scan showed no specific lesion. A potential cardioembolic stroke cause was not taken into account when assigning patients to this infarct subgroup.
A territorial infarct was defined as an acute stroke syndrome with CT findings compatible with infarction involving the cortex, or when no specific lesion was visible on CT, as a clinically identified cortical syndrome consisting of unilateral motor and/or sensory symptoms and signs in combination with signs of cortical dysfunction with or without visual field defect, or as isolated monoparesis or as isolated cortical dysfunction (usually dysphasia). Patients with a large subcortical infarct were included in the territorial infarct group because of similar pathogenesis.
Territorial infarct patients with a potential cardioembolic stroke source were assigned to the cardioembolic stroke subgroup (CE). Such patients had at least one of the following cardiac features: chronic or intermittent ECG confirmed atrial fibrillation; left ventricular myocardial infarction within 6 weeks preceding stroke; left ventricular or atrial thrombus; left ventricular aneurysm; left ventricular akinetic segment; cardiomyopathy; mitral or aortic valve abnormalities (endocarditis, mitral stenosis, prosthetic aortic or mitral valves); and in young patients without any other specific stroke cause: atrial septal defect, ventricle septal defect. The remaining patients with a non-cardioembolic symptomatic territorial infarct (presumably large vessel disease, ie atherothrombosis or artery-to-artery embolism whether or not confirmed by noninvasive carotid studies) were considered as one group and assigned to the atherothrombotic infarct subgroup (AT). There were 21 patients with a 'rare' stroke cause, such as arterial dissection, vasculitis, fibromuscular dysplasia, haematological disorder, etc. Because of small numbers and heterogeneity in stroke cause, this group was not included in this study, leaving 409 patients for analysis.
Statistical analysis
For analysis we used a logistic regression model containing the following independent variables: stroke type (LACI vs CE and vs AT), Rankin score on first examination in hospital (score 1, 2 vs 3-5) as a measure of stroke severity, age (Ͻ60 vs 60-75 and vs Ͼ75 years), IHD, sex, DM, hypertension before stroke and the various BP variables. As dependent outcome variable we used the Rankin handicap score at 3 months, dichotomized in a score Ͼ3 vs a score р3. Eighty-three (20%) patients died during the first 3 months, for analysis this group was included in the poor outcome group.
To determine the cut-off points for the different BP values we used the following method:
(1) The Rankin score at 3 months was dichotomized into a score Ͼ3 vs р3. (2) The patients were sorted in ascending order by their BP. (3) For patients with the same BP, the mean of the dichotomized Rankin score was calculated; this new mean Rankin value was subsequently assigned to all patients with this same BP. (4) The moving averages of the new mean Rankin scores were calculated, using a group size of 101 patients. 23 (5) As the calculated average could be interpreted as an estimate of the probability of an outcome with a Rankin score Ͼ3, the Odds of this average was calculated as the average divided by one minus the average. Subsequently, the logarithm of this Odds (logOdds) was taken for further analysis. We used the logarithmic function of the Odds, because the logistic regression analysis is also based on a logarithmic function of the Odds. (6) The logOdds was plotted against the blood pressure value of the corresponding patient.
Based upon these plots, the BP data were divided into three parts: cut-off points were established at Journal of Human Hypertension 10 mm Hg below and 10 mm Hg above the BP value that went together with the lowest logOdds. The BP data were put into the multivariate logistic regression model. By changing the cut-off points by adding or subtracting 5 mm Hg, we tried to determine which cut-off points showed the most significant relationship with outcome.
Results
A total of 409 patients were admitted within 24 h following stroke onset (designated as day 0). Of these 403 patients had BP values registered during these first 24 h. Only 291 patients had BP measurements taken during the daytime, whereas 284 had BP measurements taken during the night-time on day 0. Table 1 shows the distribution of the independent variables between the different stroke subtype groups.
Figures 1 and 2 display the relationship between IHD, ischaemic heart disease; DM, diabetes mellitus; HT, hypertension; CE, cardioembolic stroke subgroup; AT, atherothrombotic infarct subgroup.
Figure 1
The logOdds of the moving average of the dichotomized Rankin (Ͼ3 vs р3) plotted against the systolic blood pressure. Figure 2 The logOdds of the moving average of the dichotomized Rankin (Ͼ3 vs р3) plotted against the diastolic blood pressure.
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the logOdds (Rankin at 3 months Ͼ3 vs р3) and the different first systolic and diastolic BP values. These (univariate) plots suggest that both low and high BP values are associated with poor outcome (Rankin score Ͼ3). According to the plot, cut-off SBP values that were used for further analysis were chosen as 130 and 150 mm Hg. However, when fed into the multivariate logistic regression analysis, these values did not show a significant relationship with the outcome at 3 months. Shifting the cut-off points by adding or subtracting 5 mm Hg did not improve the relationship with outcome (Table 2) . Similarly, there was no significant relationship with the outcome for DBP values (Table 2) .
By analysing the daytime and night-time systolic and diastolic BP values in the same way, we found that a night-time systolic BP у165 vs 131-164 mm Hg and a night-time diastolic BP р60 vs 61-109 mm Hg reached statistical significance as an independent predictor of stroke outcome with an odds ratio (OR) of respectively 2.8 and 8.1 (Table 3) .
By testing the relationship between the decrease in BP values between day 0 and 4, and stroke outcome at 3 months, only a decrease in daytime diastolic BP of у10 mm Hg showed a significant relationship with outcome: OR 3.0 (Table 4) . Linear regression analysis showed no significant relationship between infarct size or site and initial (first) BP level.
Discussion
Our data on the first post-stroke BP measurements suggest that high systolic and low diastolic values are associated with unfavourable outcome. Other studies also found that extreme BP values towards the lower 5, 24 and higher 6, 9, 25, 26 end may be related with poor stroke outcome. However, after we adjusted for other prognostic variables by using a multivariate logistic regression analysis, first measured BP levels could not be identified as independent predictors of outcome. These findings warn against unadjusted analyses of first post-stroke BP as outcome predictor.
Nocturnal BP values may have a stronger predic- tive value for end-organ damage than daytime values. [13] [14] [15] [16] [17] [18] 27, 28 A differential effect might also exist in relation to stroke outcome. Moreover, instead of analysing a single measurement such as the first one post-stroke, using several BP measurements may more reliably reflect any impact of BP level on brain tissue damage or salvage. 3, 16, 29, 30 Therefore, we studied a number of daytime and night-time BP values in separate analyses. Especially high night-time systolic and low night-time diastolic values were identified as independent predictors of stroke outcome. Although we cannot rule out the influence of several factors leading to high (eg during micturation) or low (eg as a result of volume depletion) BP values during night-time, we did not find a significant relationship between infarct size or site and initial BP level. So, our data suggest that sustained nighttime BP values that are either extremely low or high are prognostically unfavourable.
If high BP values relate to poor outcome, it seems logical to improve prognosis by lowering blood pressure. However, our data suggest that a spontaneous BP decrease in the first 5 days may be independently related to poor outcome. Others also found BP decreases to be related to an unfavourable prognosis. 1, 5 These findings warn against a too rigorous lowering of early post-stroke BP in future clinical trials.
An obvious limitation of our study is its retrospective character. Consequently, the number of BP measurements may well relate to the measured BP level as extremely high and low values may dictate the number of subsequent BP measurements. This could create bias towards an increased chance of detecting extreme values, thus overestimating the strength of the association between these values and outcome. To overcome this problem, it would have been better to use 24-h BP monitoring. Since this was a retrospective study, we tried to restrict this bias by analysing the significance of admission BP separately.
We analysed early post-stroke BP values from the perspective of a potentially salvageable penumbra during this period, as any BP-related adverse effects on the brain may be amenable by early intervention. 25, 31 Since PET-studies suggest that the penumbra may exist up to 18 h after stroke onset, [32] [33] [34] [35] we included BP-values taken within the first 24 h, instead of BP-values measured within a shorter period following stroke onset. Our data do not contradict the idea of therapeutic manipulation of post-stroke blood pressure. Indeed, lowering a very high BP may be beneficial, provided it is not lowered too drastically, while conversely increasing a low BP may confer benefit as well. 5 Nevertheless, therapeutic BP manipulations should only cautiously be explored, on an individual patient basis. Furthermore, a single, first post-stroke BP measurement is probably not sufficient to rely on for such clinical trials. Multiple measurements may more reliably guide any BP Journal of Human Hypertension manipulation, but as this takes time, it may preclude the advent of any therapeutic effect.
